Abstract: Scientific and rational class-based storage can effectively improve the management level of flood control materials, providing assurance for the material support that is essential in flood control. Based on an analysis of the three key factors-importance, cost, and reserve-of flood control materials and combined with the correlations of different classes of materials, a comprehensive evaluation index system and a class-based model for these materials are developed using the grey clustering method. An empirical analysis is also conducted based on the realistic requirements of a warehouse of the Jiangsu provincial water conservancy and flood control materials reserve centre, which results in the proposal of a class-based materials storage strategy for this warehouse.
Introduction
In the history of the development of human society, water has been regarded as an important natural resource of irreplaceable significance in the promotion of the development of social economy. However, flood hazards with frequent, multiple, and complicated occurrence have brought severe damages to the life and property of the people, especially in areas with a high flood occurrence frequency. Flood disasters are usually easily predicted and prevented compared with other natural disasters [1] . Some preparatory activities may be made in advance to prevent flooding from actually happening [2, 3] . Therefore, we shall attach great importance to work related to flood control, the preparation to control and fight against great floods, and deal with emergencies.
To keep to the concept of all-time preparedness, we shall first guarantee adequate reserves and the good management of flood-prevention materials, which, as the prerequisite and safeguard of different flood-controlling measures, are of direct relation to the smooth progression of work related to flood control.
Emergency logistics are of vital significance in flood fighting, on which relevant researchers have already conducted preliminary studies. However, flood emergency preparedness lacks insight into logistical aspects [4, 5] . Garrido et al. put forward a model to assist decision-makers in the logistics of a flood emergency. The model attempts to optimize inventory levels for emergency supplies as well as vehicles' availability, in order to deliver enough supplies to satisfy demands with a given probability. This methodology emerges as a valuable tool to help decision makers to allocate resources both before and after a flood occurs, with the aim of minimizing the undesirable effects of such events [6] . Leeuw et al. developed a framework of logistical aspects of emergency measures that support materials has been seldom reported on. Certainly, no one has investigated class-based storage strategies of flood control materials quantitatively.
Thus, the research problem addressed in this paper is how to construct class-based storage strategies for flood control materials in a quantitative manner. This study has an important practical significance and research value and can effectively fill the gap. Based on existing research results and common class-based storage strategies, this paper established an evaluation index system to classify flood control reserve materials. An evaluation model for the class-based storage of flood control materials was constructed based on grey clustering. Taking the Zhenjiang branch warehouse of the Jiangsu provincial water conservancy and flood control reserve materials centre as an example and considering the characteristics and requirements of flood control materials according to the roles and functions of different materials in flood rescue, a class-based storage management strategy was proposed to improve the warehouse outflow efficiency of flood control materials. Table 1 presents the commonly used storage strategies [26] -fixed location storage, random location storage, class-based storage, class-based random storage, shared storage, and item-location coupling storage-and a comparison of their characteristics, advantages, and disadvantages. 
Analysis of Storage Strategies for Flood Control Materials

Strategy
Characteristics Advantages Disadvantages
Fixed location storage
Materials are stored based on the turnover rate or warehouse outflow frequency of materials.
Can shorten the gap between the warehouse inflow and outflow operations.
Reduces the efficiency of the warehouse space utilisation.
Random location storage
Materials are stored near the entrance/exit of the warehouse in a sequence based on the time that they enter the warehouse.
Locations can be shared.
More difficult to perform inventory management; reduces the warehouse inflow and outflow efficiency.
Class-based storage
Materials are stored based on factors such as product correlativity, fluidity, dimensions and characteristics.
Good for storage of hot-selling items.
Reduces the efficiency of the storage space utilisation.
Class-based random storage
Every class of materials is stored in a fixed location in a warehouse zone, but the location assignment is random.
Saves on the number of locations; increases warehouse utilisation rate.
Makes it more difficult to manage the warehouse inflow and outflow of materials and inventory maintenance.
Shared storage
Different materials share the same location.
Saves storage space and moving time.
Makes management more complicated.
Item-location coupling storage
Partitioned assignment is executed separately for locations and materials. Materials are stored in fixed locations in order of warehouse outflow frequency.
Shortens the time to operate the warehouse inflows and outflows; more suitable for warehouse zone management.
High investment; operation has high demands for intelligence and informatisation.
After summarising these storage strategies and principles for location assignment and considering the attributes of flood control materials, we decided to adopt the class-based fixed location storage. Given that flood control materials are characterised by few varieties, large quantities, low warehouse inflow and outflow frequencies, and strong constraints on warehouse outflow timeliness and response time, a class-based storage strategy is mostly appropriate for such materials. The strategy begins by sorting the materials, followed by a fixed location storage by considering attributes such as materials correlativity and utilisation frequency. The class-based storage strategy is critical for improving the warehouse outflow efficiency of the flood control materials and increasing the ability to provide support [27] .
Class-Based Storage Model for Flood Control Materials Based on Grey Clustering
Grey clustering is a method for segregating observations (or subjects) based on a grey incidence matrix [28] . Based on grey clustering, the class-based storage model for flood control materials was constructed by comprehensively considering the three factors of such materials, namely, their importance, reserve, and cost, to improve the scientific basis for the class-based storage for flood control materials.
Assuming m observations and every observation having n attribute data, the following sequence is obtained:
The observation subjects X 1 − X m have similar lengths and are not zero. Accordingly, the following equations are obtained: location storage. Given that flood control materials are characterised by few varieties, large quantities, low warehouse inflow and outflow frequencies, and strong constraints on warehouse outflow timeliness and response time, a class-based storage strategy is mostly appropriate for such materials. The strategy begins by sorting the materials, followed by a fixed location storage by considering attributes such as materials correlativity and utilisation frequency. The class-based storage strategy is critical for improving the warehouse outflow efficiency of the flood control materials and increasing the ability to provide support [27] .
The observation subjects X − X have similar lengths and are not zero. Accordingly, the following equations are obtained:
X and X represent the starting-point annihilating images of X and X , in which X = X − (1), X = X − (1) ( = 0,1,2, … , ; = 0,1,2, … , ). X and X are actually the sequence of n − 1 values. Taking X as an example, we can use a broken line graph to present the n − 1 values, as shown in Figure 1 (2) xi (3) xi(n) Let
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Hence, the absolute degree of grey incidence of X i and X j can be defined as
The upper triangular matrix calculated is as follows:
where
Taking the threshold value r ∈ [0, 1], r > 0.5 is generally required; when γ ij ≥ r (i = j), X i and X j can be grouped into one class. The value of r can be determined based on the specific situation and actual need, and an r closer to 1 indicates a narrower class and fewer materials in each class, accordingly. A smaller r indicates a broader class and, accordingly, in this case, more materials in each class.
Case Study
Case Warehouse
To emphasize the issues of the class-based model in Chinese flood control material reserve management, a case study was conducted.
The Jiangsu Provincial Hydraulic and Flood Control Material Reserve Center (HFCMRC) is a specialized establishment for flood control material reserves and their transportation in the Jiangsu Province, taking charge of reserving, management, allocation, and transportation of central and provincial flood-control material, and acting as a provincial flood control material reservation and management unit with the strongest emergency security capability in China, providing flood-fighting material support for flood control, disaster relief, and severe sudden disasters. HFCMRC has set up six provincial flood control material reserve warehouses including one central-and provincial-level flood-fighting warehouse in Zhenjiang. The Zhenjiang Warehouse, founded in the 1970s, is a the key warehouse in the Jiangsu province for flood-fighting material reserve, a central-level designated warehouse which is a flood control material reserve, a warehouse with the biggest scale and the most complete material varieties in Jiangsu Province, and the only central-and provincial-level flood-fighting material warehouse in Jiangsu Province. It is one of the most representative flood-fighting material reserve warehouses in China. For this reason, this study chose the HFCMRC Zhenjiang Warehouse as the case study example.
HFCMRC Zhenjiang Warehouse currently stores the following varieties of material: rubber dinghy, assault boat, life vest, outboard motor, woven bag, colour strip cloth, geotechnical cloth, square timber, lumps of wood, steel wire tuck net, tent, flood-control work light, generator unit, etc., fitted with mechanical equipment and auxiliary lighting facilities of all kinds. Zhenjiang Warehouse has completed tasks in flood control and emergency response in the Jiangsu Province in all the previous years and the allocation and transport of rescue supplies for the Wenchuan earthquake in 2008. It has been praised by State Flood Control and Drought Relief Headquarters and the Jiangsu Provincial Flood Control and Drought Relief Headquarters for its positive and significant contributions to the victories of flood control and emergency response.
Interviews, document analyses, and observations were conducted for the data collection of this case study. A series of face-to-face semi-structured interviews with managers and staff members from the flood control governments, food control materials governments, and food control materials enterprises were conducted.
Classification of Flood Control Materials
The case warehouse currently has 14 types of provincial-level flood control materials in reserve, including block stones, metal wire nets, line throwing apparatuses, woven bags, tents (specially made for flood control), lighting vehicles, geotextiles, filter pads, life jackets, assault boats, dinghy, outboard motor, power generators, and wood. Among these items, the dinghy is made of rubber and must be kept at a constant temperature. Given this special requirement, the rubber dinghy is not considered in this paper because it is typically stored in a warehouse at a constant temperature. The outboard motor and rescue boats must be used as a package and, thus, are typically stored together. Considering the factors above, we selected 12 types of widely universal and highly practical materials to study in this paper. For this paper, we consider only the assault boat class, and the associated outboard motor class is adjacently stored. The selected key flood control materials are block stones (X 1 ), metal wire nets (X 2 ), line throwing apparatuses (X 3 ), woven bags (X 4 ), tents (specially made for flood control) (X 5 ), lighting vehicles (X 6 ), geotextiles (X 7 ), filter pads (X 8 ), life jackets (X 9 ), assault boats (X 10 ), power generators (X 11 ), and wood (X 12 ). Statistics on the 12 classes of the Jiangsu provincial-level flood control materials are shown in Figure 2 . The utilisation frequency is shown in Figure 3 .
The case warehouse currently has 14 types of provincial-level flood control materials in reserve, including block stones, metal wire nets, line throwing apparatuses, woven bags, tents (specially made for flood control), lighting vehicles, geotextiles, filter pads, life jackets, assault boats, dinghy, outboard motor, power generators, and wood. Among these items, the dinghy is made of rubber and must be kept at a constant temperature. Given this special requirement, the rubber dinghy is not considered in this paper because it is typically stored in a warehouse at a constant temperature. The outboard motor and rescue boats must be used as a package and, thus, are typically stored together. Considering the factors above, we selected 12 types of widely universal and highly practical materials to study in this paper. For this paper, we consider only the assault boat class, and the associated outboard motor class is adjacently stored. The selected key flood control materials are block stones (X ), metal wire nets (X ), line throwing apparatuses (X ), woven bags (X ), tents (specially made for flood control) (X ), lighting vehicles (X ), geotextiles (X ), filter pads (X ), life jackets (X ), assault boats (X ), power generators (X ), and wood (X ). Statistics on the 12 classes of the Jiangsu provincial-level flood control materials are shown in Figure 2 . The utilisation frequency is shown in Figure 3 . 
Class-Based Evaluation Index System
A three-tiered comprehensive class-based evaluation index system for flood control materials was constructed. Experts for evaluating the weight and index mainly came from the relevant administrative departments related to flood control, as well as from rescue work, all-level units in reserving flood control materials, and research institutions. Weight and index evaluation are carried out by the Delphi expert method by 20 experts. Ultimately, three Level 2 weighted indices were derived: the weighted indices of importance w = 0.5, the weighted indices of reserve w = 0.3, the weighted indices of cost w = 0.2. The scoring of the evaluation sets was obtained through consultation and face-to-face discussions with experts to give the experts a full understanding of the construction of the class-based index system for flood control reserve materials and its significance. 
A three-tiered comprehensive class-based evaluation index system for flood control materials was constructed. 
A three-tiered comprehensive class-based evaluation index system for flood control materials was constructed. Experts for evaluating the weight and index mainly came from the relevant administrative departments related to flood control, as well as from rescue work, all-level units in reserving flood control materials, and research institutions. Weight and index evaluation are carried out by the Delphi expert method by 20 experts. Ultimately, three Level 2 weighted indices were derived: the weighted indices of importance w = 0.5, the weighted indices of reserve w = 0.3, the weighted indices of cost w = 0.2. The scoring of the evaluation sets was obtained through consultation and face-to-face discussions with experts to give the experts a full understanding of the construction of the class-based index system for flood control reserve materials and its significance. Experts for evaluating the weight and index mainly came from the relevant administrative departments related to flood control, as well as from rescue work, all-level units in reserving flood control materials, and research institutions. Weight and index evaluation are carried out by the Delphi expert method by 20 experts. Ultimately, three Level 2 weighted indices were derived: the weighted indices of importance w 1 = 0.5, the weighted indices of reserve w 2 = 0.3, the weighted indices of cost w 3 = 0.2. The scoring of the evaluation sets was obtained through consultation and face-to-face discussions with experts to give the experts a full understanding of the construction of the class-based index system for flood control reserve materials and its significance.
Grey Clustering Calculations
Based on the class-based index system previously constructed, the Level 3 indices were quantified using the Delphi method, a 10-point expert scoring method: 10 points for very high, 8 points for high, 5 points for moderate, 2 points for low and 0 points for very low. The overall scores of the 8 Level 3 indices of the 12 classes of flood control materials are presented in Table 2 .
Because the Level 3 evaluation index C 5 is a negative index relative to the Level 2 index, the reversion value 10 − C 5 is used when performing the conversion of the Level 3 evaluation index to the Level 2 index. Hence,
The weighted overall scores of the three Level 2 indices for the 12 classes of flood control materials obtained are presented in Table 3 . Table 2 . The overall scores of the 8 Level 3 indices of the 12 classes of flood control materials. The absolute degrees of grey incidence between X i and X j (∀i ≤ j(i, j = 1, 2, . . . , 12)) were calculated, and an upper triangular matrix for Level 2 indices is presented in Table 4 . According to the incidence matrix, combined with the actual management of flood control materials, the threshold value r = 0.90 is used. In the table, r ≥ 0.90 indicates that there is a strong incidence between the two classes of flood control materials that can be grouped into one for partitioned storage management.
The clustering results based on Level 2 indices are as follows:
To further highlight the attributes of all the classes of the flood control materials, they are further divided according to Level 3 evaluation indices. According to Table 2 , the absolute degrees of the grey incidence of X i and X j (∀i ≤ j(i, j = 1, 2, . . . , 12)) were calculated, and the upper triangular matrix for Level 3 evaluation indices was obtained, as presented in Table 5 . Based on the calculations, the results of the final grey clustering analysis are as follows:
Results Analysis
(1) The attributes of X 1 , X 12 are prominent and are separated from the other classes. At the same time, according to the Level 2 indices, because X 1 and X 12 have a relatively high correlation (0.9), we may consider grouping these two types of materials, namely block stones and wood, into one class, placing them in the outfield and sheltering them from rain.
(2) X 2 , X 3 , X 4 , X 7 , X 8 can be grouped into one class. We can see from the results of classifying the Level 3 evaluation indices that the absolute degrees of incidence of X 2 and X 3 , X 2 and X 4 are 0.90 and 0.99, respectively, whereas the degree of incidence of X 7 and X 8 is 0.93. However, the results of classifying Level 2 indices show that the absolute degrees of incidence of X 2 and X 3 , X 4 , X 7 , X 8 are 0.93, 0.91, 0.90, and 0.99, respectively. After an overall consideration, we should group metal wire nets, line throwing apparatuses, woven bags, geotextiles, and filter pads into one class. Their common attributes are low costs, high utilisation frequency and low reserve requirements.
(3) The degrees of incidence of X 5 and X 9 in Level 2 indices and Level 3 evaluation indices are 0.92 and 0.97, respectively, allowing them to be grouped into one class. Tents and life jackets have the highest utilisation frequency, and their cost levels and reserve requirements are average. They rank relatively high in terms of importance.
(4) X 6 , X 10 , X 11 can be grouped into one class. The degrees of incidence of their Level 2 indices are 0.97, 0.95, and 0.97, and the degrees of incidence of their Level 3 evaluation indices are 0.90, 0.95, and 0.93, so we can group lighting vehicles, assault boats and power generators into one class, They are characterised by a high importance and relatively high costs.
Strategy Recommendation about Flood Control Materials Classified Storage
In provincial flood control materials storage warehouses, the above materials are classified and stored according to factors such as importance, reserve, cost, and etc., such as putting metal wire nets, line throwing apparatuses, woven bags, geotextiles, and filter pads these similar materials together, storing tents, life jackets, and etc., in the same area, and placing lighting vehicles, power generators, and assault boats in the same area, etc. Then we locate the storage according to the size of the material. It is more appropriate to adopt a simple location storage strategy because flood control materials are generally relatively large and the frequency of storage is low.
Conclusions
By means of grey cluster analysis and evaluation, this paper comprehensively considers the three factors affecting the importance, cost, and reserve of flood control materials, and constructs a comprehensive evaluation index system of three levels of flood control materials based on the correlation between different types of materials. Taking the Zhenjiang Sub-center Storage of Flood Control Material Reserve Center of Jiangsu Province Water Resources for an example, we divide the flood control materials into four categories. By storing various types of materials in categories, it proposes classification storage strategies and classification management strategies to provide a scientific basis for flood control materials for the Jiangsu Province.
In the process of applying grey clustering analysis to the classified storage strategy of flood control materials, the following factors should be considered: (1) rationality of the index selection; (2) rationality of calibrating clustering weights and clustering coefficients; (3) the accuracy of model establishment, etc., to ensure the reliability and accuracy of the evaluation results. On the one hand, it is necessary to comprehensively and systematically understand the main factors affecting the classified storage strategy of flood control materials by investigating a large number of process examples, and making a scientific analysis and summary to form clustering indicators. On the other hand, it is necessary to learn from the experience of flood control materials storage, conduct a detailed investigation, analysis, and evaluation of existing experience strategies, and use mathematical tools to construct appropriate models to properly calibrate clustering weights and clustering coefficients so that the clustering calculation results are closer to the actual situation of flood control materials storage management. In this paper, only a few of the main factors are considered comprehensively. If the other factors can be considered more systematically, the applied method can give superior results to common sense, and the clustering results will be closer to the actual situation of flood control material reserve management. 
